Research Objective
• Determine the survival characteristics of
Geobacter sulfurreducens under prolonged starvation. The three aims are:
-Characterize growth properties during prolonged starvation (does Geobacter undergoes dormancy or Growth Advantage in Stationary Phase (GASP)) -Determine the energy requirements to maintain a growing versus a non-growing population (through chemostat studies) -Monitor gene expression patterns (using DNA microarrays) during growth and starvation phase to determine the metabolic strategy.
• Determine gene expression patterns in biofilms relevant to iron reduction and survival.
Relevance to DOE
• Metal reducing microbes are of interest in maintaining U and Tc in the reduced state.
• The response of microorganisms to the varying nutrient conditions commonly found in the environment is therefore central toward the maintenance of the DOE sites Feast or famine
• Morita* described the life of the typical bacterium as that of "feast or famine" • Feast moments are rare and life is dominated by prolonged periods of famine.
-How do non-sporulating microbes survive these long periods of nutrient deprivation. Comparison of metabolic rates of prokaryotes as a function of temperature in various ecosystems.
• Nutrient rich -Energy used for synthesis of cell biomass (reproduction) and for cellular maintenance (maintenance energy)
• Nutrient poor (Not enough energy for cell growth) The five phases of the bacterial life cycle.
• E. coli was grown aerobically in shake batch cultures in LB. Perform chemostat studies to determine growth yields and maintenance energy and correlate these parameters with gene expression patterns to determine metabolic strategy.
• Compare growth yield and ME with iron and Mn terminal electron acceptors (soluble and insoluble 8.0e+7
1.0e+8
1.2e+8 • DNA microarray experiments will reveal metabolic strategies during these different phases.
• To determine the energy consumption profile (revealing growth yield and maintenance energy parameters),chemostat studies will be performed.
-For starved cells, time and money permitting, retentostats will be constructed (no time to talk about this)
Global analysis yields no information on local enviroments
• Global gene expression analysis does not yield survival strategies that may be relevant in biofilm communities • For such systems, specific probes are required due to stratification of the community • This behavior offers the combined benefit of decreasing the biomass and, correspondingly, the ME, while also offering a higher ratio of membrane surface area (across which substrate transport occurs) to cell mass. Indeed, the maximum volume-normalized rate of metabolism in a cell varies inversely with the square of the cell radius, and cells have been shown to respond to nutrient limitation by shrinking (34). Conceivably, cell-specific maintenance energies could approach zero if there were no minimum limits on biomass. Clearly, however, a minimal complement of genetic material, proteins, and membrane materials are needed to constitute a functional living unit. A National Research Council panel that convened to address minimum size limits for viable cells conservatively estimated that a cell radius of about 100 nm is minimally necessary to constitute the simplest of living cells (35). This size limit corresponds directly to a minimum limit on the cellspecific ME demand that can be achieved by virtue of cell shrinkage.
Maintenance Energy and Growth Yield
Influence of dilution rate on specific respiration rate of chemostat cultures of Klebsiella aerogenes in minimal medium plus glucose: ( ) glucose limited, ( ) ammonia limited, ( ) sulphate limited, and ( ) phosphate limited. Reproduced from (4). Dilution rate (per hour)
• The dormant forms of bacteria observed in chemostat cultures at low dilution rates are smaller and similar in size to bacteria isolated from oligotrophic environments (6). The smaller bacteria are also referred to as ultramicrobacteria, terminology of Morita (13). Environmental dormant forms of vegetative non-sporulating bacteria were first argued to exist when researchers found that in most natural microbial environments, only a small fraction of the microbes could be cultivated on agar plates (23). Large differences are consistently reported between results of plating counts (colony forming units, cfu), defined as viable and total direct microscopic counts (fluorochrome staining of physically-intact bacteria (24). This discrepancy has been observed in bacteria isolated from soil (13, 25) and water environments (13, 26) . Researchers have proposed that such physically-intact but nonculturable bacteria represent dormant forms of non-sporulating bacteria which are formed in adaptation to low nutrient conditions. These putative forms of dormant bacteria have also been referred to as "viable but non culturable" (VBNC) forms of gram negative bacteria. These forms, again, are not revealed by agar plating but can be monitored in a starved bacteria population by their metabolic activity as shown by direct viable count (27).
• If dormancy is a strategy used by many bacteria to survive prolonged nutrient deprivation, then as indicated by Kaprelyants et al. (2) , dormancy must be a reversible state. While resuscitation of ultramicrobacteria (or resuscitation from dormancy) has been reported, such studies are few in number. These studies are also viewed skeptically since it is difficult to discriminate between resuscitation of truly dormant cells or of resuscitation of a limited number of nondormant, "viable" cells in the starved population. MacDonell and Hood (28) were able to recover ultramicrobacteria from estuarine waters using dilute nutrient broth (over a limited range of nutrient concentrations). Consistent with the dormancy theory, the recovery of cells and adaptation to nutrient-rich agar was accompanied by an increase in size (from 0.5 to 2-2.5 mm). However, the percentage of ultramicrobacteria that were able to be resuscitated was not determined. Morita concluded that most ultramicrobacteria are not able to multiply simply because proper conditions for their resuscitation have yet to be determined (13). An opposing view to the ultramicrobacteria-dormancy hypothesis suggests that ultramicrobacteria are not small forms of the typical cells but are cells of novel genera and species that happen to be small and that they cannot be reverted back to normal-sized cells.
